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METHOD TO DETERMINE THE COMPOSITION OF BONE MARROW SAMPLES 



Field of the Invention 

The present invention relates to the detection 
and analysis of hematopoietic cells in a sample, 
and more particularly relates to a method for the 
detection and analysis of immature and mature 
cells of different lineages in a bone marrow sample 
using labeled monoclonal antibodies and the light 
scattering properties of the cells. 



Background of the Invention 

^ _r- Bone marrow is a complex tissue. Principally, 

^ marrow is the sjte for the differentiation and matu - 

ration of hematopoietic c ells. From pluripotent stem 
cells, a number of ceil lineages differentiate. The 
primary components among these lineages include: 
the lymphoid (B, T and NK cells), the erythroid (red 
blood cells) and the myeloid line (basophils, 
neutrophils, eosinophils, megakaryocytes and 
macrophages). At any given time, each of these 
lineages typically is present in a marrow sample. 

Once differentiated, each of the various lin- 
eages mature through several stages. Maturation 
occurs in the marrow and elsewhere. For example, 
in the erythroid line, the red blood cell begins in 
marrow as a blast cell having a defined morphol- 
ogy. From that stage to the reticulocyte stage, a 
number of additional morphological changes occur 
throughout a number of stages culminating with the 
extrusion of the nucleus to form the reticulocyte. 
The reticulocyte then is released to the blood 
where it undergoes its final maturational change to 
become an erythrocyte. Other lineages undergo 
similar development, although the number of 
stages of development and the location may differ 
(e.g. immature T cells begin to develop in marrow 
but the primary location for maturation and differen- 
tiation is in the thymus). By examining a sample of 
bone marrow, therefore, one can identify not only 
the various lineages within the sample but also the 
several stages within each lineage. 

It is important to be able to identify the lin- 
eages and/or developmental stages in a sample. 
The results may provide an indication of a clinical 
condition. For example, in a patient with anemia, in 
order to treat the cause of the condition one must 
know whether it is the result of a destruction of red 
cells in th blood or the result of a failure of the 
blast cells to mature. By xamining the marrow, the 
presence (or absence) of stem cells, blasts and 
reticulocytes in normal amounts can rule out (or 
confirm) a diagnosis. Thus, by distinguishing a 



chang from the "normal" condition, abnormal 
events can be diagnosed. 

To identify the various lineages and devel- 
opmental stages, one must examine a sample in 

5 great detail. It is known that each lineage and each . 
stage within a lineage has certain defined mor- 
phological characteristics. Thus, the current prac- 
tice is to take a sample of marrow by either aspira- 
tion or biopsy, stain it and examine it under a light 

io microscope. Such a procedure is subjective, time- 
intensive, semi-quantitative and may require mul- 
tiple stainings in order to obtain gross results. 

In addition to gross morphological changes that 
occur with maturation and differentiation, other de- 

is tailed changes occur in gene expression. A number 
of studies have described the appearance (or dis- 
appearance) during maturation of a variety of such 
cell surface antigens in a single lineage (ag., nor- 
mal erythrocytes) and for a single antigen ex- 

20 pressed on several lineages during their matura- 
tional process. See, e.g., Loken et ah, Flow 
Cytometric Analysis of Human Bone Marrow: I. 
Normal Erythroid Development, Blood, 69:255-263 
(1987), and see Civin et ah, Antigenic Analysis of 

25 Hematopoiesis. VI. Flow Cytometric Characteriza- 
tion of MY-10-positive Progenitor Cells in Normal 
Human Bone Marrow, Exp. Hsmatoh, 15:10-17 
(1987) respectively. Because of the cellular het- 
erogeneity of cells within marrow, the use of mark- 
so ers to detect cell surface antigens is not fully 
sufficient to distinguish between lineages. 

Thus, at present, there is no known means to 
identify and distinguish between lineages and 
stages of development in single procedure. Such a 

35 method would provide a unique and rapid tech- 
nique for the diagnosis of abnormal hematopoietic 
conditions. 

to Brief Description of the Invention 

The present invention is directed to a method 
and kit for the identification and analysis of lin- 
eages and stages in normal hematopoietic cells. In 

45 accordance maturational stages with one embodi- 
ment of the invention, a sample of bone marrow is 
taken from an individual. The sample is treated to 
provide a second sample comprising essentially 
only leukocytes. A first monoclonal antibody is 

50 labeled with a first fluorochrome. The first mon- 
oclonal antibody is selected so that it reacts with 
substantially all leukocytes. A second monoclonal 
antibody is labeled with a second fluorochrome. 
The second monoclonal antibody is select d so 
that it reacts with a subpopulation of leukocytes 
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(e.g., monocytes and granulocytes). The first 
fluorochrome and second fluorochrome are select- 
ed so that each has a similar excitation energy 
level but have distinct emission spectra. 

A mixture of the second sample, first fluoroch- 
rome labeled monoclonal antibody and second 
fluorochrome label d monoclonal antibody then is 
prepared so as to cause the leukocytes in the 
second mixture to become labeled with the first 
monoclonal antibody and the subpopulation of leu- 
kocytes to become labeled with the second mon- 
oclonal antibody. The mixture then is analyzed by 
flow cytometry so as to distinguish lineages by cell 
size and granularity, and at the same time, the 
distribution of the binding of the first and second 
antibodies on the cells is recorded. The combina- 
tion of all four parameters provides data sufficient 
to distinguish between each lineage and stages 
within each lineage. The data may be stored in a 
data collection means, such as a computer. 



Description of the Drawings 

Fig. 1 is a contour plot of forward light scat- 
ter versus side (or "right angle") light scatter for a 
sample of normal human bone marrow analyzed by 
flow cytometry; 

Fig. 2 is a contour plot of cells in normal 
human bone marrow labeled with Anti-Leu-MI(PE) 
and Anti-HLe-l(FITC) as analyzed by flow cytome- 
try with gates set to exclude all cells but those that 
appear in the "LYMPH", "BLAST" or "GRAN" win- 
dow of Fig. 1 ; and 

Figs. 3-5 are contour plots of cells in normal 
human bone marrow labeled with various, mon- 
oclonal antibodies coupled to PE and labeled with 
Anti-HLe-l(FITC) as analyzed by flow cytometry 
with gates set to exclude all cells but those that 
appear in the "LYMPH", "BLAST" or "GRAN" win- 
dow of Fig. 1 . 



Detailed Description of the Invention 

Bone marrow aspirates were obtained from 
normal adults. Although bone marrow was the 
source of hematopoietic cells in the following ex- 
amples, it should be apparent to those skilled in 
the art that hematopoietic cells also may be iso- 
lated from the blood. It is not necessary to alter the 
method of invention to identify cells from this 
source. 

Low density leucocytes (obtained by density 
gradient centrifugation using 1.077 g/cm 3 . Ficoll- 
Hypaque, Pharmacia, Piscataway, NJ) were 
washed in RPMI 1640 (GIBCO) containing 10% 
fetal bovine serum and aliquoted for im- 



munofluorescent staining. Low-d nsity leukocyt s 
were used to form the first sample. It should be 
apparent to those skilled in the art, however, that 
whole blood or marrow aspirates may be used. In 

5 such causes, ammonium chloride, for example, 
may be used to prepare the first sample. 

Low density marrow leukocytes were suspend- 
ed at a concentration of 10 7 per ml. In those 
experiments where both antibodies were directly 

io conjugated to the fluorochrome, the first antibody 
was added to 10 s cells using an amount of anti- 
body which gave maximal fluorescence. The cells 
were incubated on ice for 20 minutes. The cells 
were then pelleted and washed with RPMI 1640 

is buffer (at least 5 times the staining volume) before 
adding the second antibody. After 20 minutes on 
ice, the cells were again washed with buffer, then 
fixed in 1% paraformaldehyde. 

In experiments where only one directly 

20 fluorochrome conjugated antibody was available, a 
four' step procedure was used. The cells were first 
reacted with unconjugated antibody. Following the 
wash step, the cells were reacted with rat anti- 
mouse Kappa (PE), incubated on ice, and washed. 

25 The cells were then exposed to 10% normal 
mouse serum to block free binding sites of the 
second-step antibody. The cells were then stained 
with the second (directly conjugated) monoclonal 
antibody, washed and fixed as before. 

30 For three-color analysis, cells were reacted first 
with unconjugated antibody followed by rat anti- 
mouse Kappa-APC second step antibody. Cells 
were washed, reacted with 10% normal mouse 
serum, followed by PE-conjugated and FITC-con- 

35 jugated antibodies for 20 minutes, washed and 
fixed as before. 

Fluorescein isothiocyanate (FITC) conjugated 
and/or phycoerythrin (PE) conjugated directly or 
indirectly CD3(Leu-4), CD10(CALLA), CD11b(Leu- 

40 15), CD14(Leu-M3), CD15(Leu-1 1), CD19(Leu-12), 
CD20(Leu-16), CD45R(Leu-1 8), mouse\ IgGi, 
mouselgG2, rat-anti-mouse Kappa, rat-anti-mouse 
Kappa-allophycocyanin (APC), and purified CD34- 
(HPCA-1) were obtained from Becton Dickinson 

4S Immunocytometry Systems, Mountain View, Ca. 
Anti-glycophorin (10F7) was a kind gift from Dr. R. 
Langlois, Livermore, CA. 

Unstained cells, IgGi-FITC, lgG 2 -PE, and rat 
anti-mouse Kappa-APC labeled cells were included 

50 as controls. 

Initially, bone marrow aspirates, prepared as 
above, were analyzed by flow cytometry. Presently 
known and available, flow cytometers are useful for 
measuring cell volume, forward light scatter and/or 

55 side light scatter. These parameters can then be 
used to s parate lineages based upon their optical 
or physical characteristics. 

Bri fly. forward light scatter (FLS) provides a 
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measurement of cell size. (Cell volume similarly 
measures cell size and an instrument so equipped 
may be used alternatively.) Side light scatter (SLS), 
on the oth r hand, approximates the "granularity" 
of the cell. SLS measures light reflected from th 
cell and is a function of the presence (or absence) 
of structures in the cell such as the nucleus and/or 
granules. Taken together, FLS and SLS can be 
used to aid in distinguishing between cells of dif- 
ferent types. 

In addition to FLS and SLS, flow cytometers 
include one or more, usually two, fluorescent chan- 
nels. These channels are used to distinguish cells 
marked with fluorochromes which can be excited to 
emit light at different wave lengths. Separate anti- 
bodies labeled with distinct fluorcchrcmes may be 
used to distinguish between cell types based on 
their expression of different cell surface antigens. 
By combining all four parameters together (i.e., 
FLS, SLS, FL1 and FL2), the lineages and their 
stages can be distinguished in four dimensional 
space. 

Flow cytometric analyses were performed us- 
ing a FACStarTM for two color immunofluorescence 
and FACS 440TM for three color im- 
munofluorescence (Becton Dickinson Im- 
munocytometry Systems, Mountain View, CA). The 
argon ion laser was operated at 488nm using 200 
mW of power. F1TC emission was collected with a 
530/30 BP filter, while PE emission was collected 
through a 585/42 BP filter. Three-color im- 
munofluorescence was performed using a HeNe 
laser of 633 nm, 40 mW, along with an argon laser 
as described above. APC emission was collected 
with a 660/20 BP filter. 50,000 events was collected 
in list mode on a Consort 30 Data Management 
System (Becton Dickinson). This permitted 
reanalysis of the data to demonstrate the correla- 
tion between the different colors of im- 
munofluorescence for populations of cells identified 
by forward and right-angle light scattering. For all 
contour plots, the lowest level was 3 events with 
contours drawn at 4, 6, 8. 10, 16, 32, 64, 128. 

For a more detailed description of the use and 
meaning of these parameters, see Loken, Cell Sur- 
face Antigen and Morphological Characterization of 
Leucocyte Populations by Flow Cytometry, in Mon- 
oclonal Antibodies, Churchill Livingstone (P. Bever- 
ley ed.). 1986. Although the following cell analyses 
were performed by flow cytometry, it should be 
apparent to one skilled in the art that fluorescent 
light microscopy may be used alternatively to de- 
termine cell size, granularity and fluorescence. 

Referring to Fig. 1, it will be seen that three 
distinct populations of cells appear to be distin- 
guished by the physical parameters of forward and 
right angl light scattering. These windows have 
been labeled "LYMPH", "BLAST" and "GRAN". 



The remaining material generally comprises debris 
(i.e., ruptured cells and cell or other fragments). 

Although Hg. 1 (and indeed all the remaining 
figures) is shown in 2-dim nsional space, it should 

s be apparent that this is done solely for the purpose 
of presenting the description of the inv.ntLn In 
viewable form. It is not the intent to limit the 
invention to 2-D space; in fact, in the preferred 
embodiment, the measurements (i.e., FLS. SLS, 

w FL1 and FL2) are taken in 4-D space. 

In order to identify the various lineages that 
comprise normal bone marrow, a first monoclonal 
antibody was selected that would identify substan- 
tially all leukocytes in the sample. CD45 is an 

/s antigen found on substantially all leukocytes. (The 
"CD" or cluster designation was defined by the 
International Workshops on Human Differentiation 
Antigens. The parallel "Leu" system was defined 
by researchers at Stanford University.) By selecting 

20 a monoclonal antibody for this antigen, leukocytes 
can be labeled. Anti-HLe-1 is one such monoclonal 
antibody. Another such antibody is LCA (Coulter 
Electronics, Inc.). Anti-HLe-1 is sold commercially 
both purified and bound to (FITC). If a pure antj- 

25 CD45 antibody is used, it may be conjugated to a 
fluorochrome (e.g., FITC or PE) by means known 
to those skilled in the art. 

A second monoclonal antibody was selected to 
identify a subpopulation of leukocyte lineages. In 

30 the preferred embodiment, the second monoclonal 
antibody identifies two lineages of leukocytes: 
namely monocytes and granulocytes. These lin- 
eages are identified by the CD15 antigen. By se- 
lecting a monoclonal antibody for this antigen, 

35 these two lineages can be identified. Anti-Leu-M1 
is one such anti-CD15 antibody, and another is 
Myl. 

While the preferred second monoclonal anti- 
body is anti-CD15 and more specifically Anti-Leu- 

40 M1, it should be apparent to those skilled in the art 
from the Figures and following examples that other 
monoclonal antibodies may be used so long as 
they distinguish between the various lineages and 
maturational stages. For example, anti-CD1 1 b, anti- 

45 CD16 and anti-CD19 (Le., Anti-Leu-15, Anti-Leu-11 
and Anti-Leu-12) all function to discriminate lin- 
eages and stages. Accordingly, these and other 
monoclonal antibodies referred to in the examples 
may be used in place of anti-CD45 (or Anti-Leu- 

so M1). 

Anti-Leu-M1 is commercially available in puri- 
fied form but may be reacted with a second step 
(PE) conjugated antibody by means known to those 
skilled in the art in order to be paired with AntJ- 
55 HLe-l(FITC). PE is chosen because it has a 
wavelength of excitation substantially similar to that 
of FITC but emits in a different spectrum. Once 
selected, th fluorochrom lab led first and s cond 
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monoclonal antibodies can be combined with th8 
sample as previously described. Anti-HLe-l(FITC) 
and Anti-Leu-MI(PE) are the preferred first and 
second monoclonal antibodies respectively. 

Once the physical param ters of th cells in 
the sampl are known as measured by FLS and 
SLS, gates may be established for each population 
in order to continue to view the invention in 2-D 
space. The gate will effectively exclude information 
from analysis for all cells outside the gate. When 
the gates are set for "LYMPH", "BLAST" and 
"GRAN" sequentially using Anti-HLe-1 (FITC) and 
Anti-Leu-MI(PE), each lineage of cells is discern- 
ible as are the several stages of each lineage. 

Referring to Fig. 2, the "LYMPH" window of 
bone marrow cells contains a mixture of lymphoid 
cells (population 2 pre-B cells, population 3 mature 
lymphoid cells) and mature erythrocytes 
(population 1a), along with nucleated erythroid pre- 
cursor cells (population 1a). The "BLAST" window 
contains immature and mature monocytes 
(population 4), and immature cells of various blood 
cell lineages (population 1b early erythroid, 5a ear- 
ly neutrophils and population 6 blast cells). The 
"GRAN" window consists entirely of maturing 
granulocytes (population 5b). These results may be 
confirmed by light microscopic examination of the 
cells in accordance with standard staining proce- 
dures as described in Loken et al., supra . 

To further confirm that the lineages identified in 
Fig. 2 were as described, a series of flow cytome- 
try analyses were done with monoclonal antibodies 
specific for each lineage. 

To detect erythrocytes, human bone marrow 
cells were reacted with anti-glycophorin(PE), an 
antibody that identified erythroid cells, and with 
Anti-HLe-1 (FITC). The correlation between these 
two markers, gated on forward and side light scat- 
tering, is shown in Fig. 3A. In the "LYMPH" win- 
dow, GPA*/CD45~ mature erythroid cells 
(population 1a) were easily distinguished from 
GPA-/CD45* lymphoid cells (population 2,3). 
There were no GPA* cells in the "GRAN" window. 

In the "BLAST" window, distinct strongly GPA* 
early erythroid cells (population 1b) were discrimi- 
nated from cells expressing intermediate amount of 
GPA. See Fig. 3A. CD45 expression progressively 
decreased as cells became committed to the eryth- 
roid lineage, with increased expression of GPA. 

To detect T lymphocytes, normal bone marrow 
cells were reacted with Anti-Leu-4(PE). a CD3 pan 
T lymphocyte monoclonal antibody, and Anti-HLe- 
1(FITC). See Fig. 3B. All CD3* T lymphoid ceils 
population 3a) were found in "LYMPH" light scat- 
tering window, with intense co-expression of CD45. 

To detect B lymphocytes, bone marrow cells 
were reacted with Anti-Leu-12(PE) (CD19) in com- 
bination with Anti-HLe-1 (FITC) to identify all B 



lymphoid cells, including both immature (population 
2) and mature d velopmental stages (population 
3b). The correlation between these two antigens is 
shown in Fig. 3D. All CD19* B lymphoid cells were 

s confined to "LYMPH" window. Th se B lineag 
cells had three distinct levels of CD45 expression: 
CD19*/CD45*** (population 3b), CS19*/CD45**. 
and CD19*/CD45* (population 2). In order to fur- 
ther discriminate maturational differences among B 

io lineage cells, bone marrow cells were stained with 
CD45 in combination with two other monoclonal 
antibodies: Anti-CALLA(PE), (CD10) an antibody 
which identifies immature B lymphoid cells (not 
shown) or Anti-Leu-1 6(PE), (CD20), which identifies 

;5 late B cells. Immature B cells expressing CD10 and 
intermediate levels of CD45 were identified in pop- 
ulation 2. 

To detect NK cells, bone marrow cells were 
stained with Anti-HLe-1 (FITC) in combination with 

20 either Anti-Leu-1 1(PE) (CD16) or Anti-Leu-1 5(PE) 
(CD11b). These monoclonal antibodies identify NK 
cells (population 3c) within the "LYMPH" light scat- 
tering window. The cells identified by these anti- 
bodies within the "LYMPH" light scattering window 

25 were bright for CD45**\ (Figs. 4A and 4B.) The 
cells in the "BLAST" and "GRAN" windows which 
were labeled with CD16 and CD11b were mon- 
omyeloid cells, and are discussed below. 

Cells of the monocytic lineage were identified 

30 by staining bone marrow ceils with either CD1 1 b or 
Anti-Leu-M3(PE) (CD14), monoclonal antibodies 
that bind to mature and maturing monocytes 
(population 4). The con-elated expression of these 
two markers with CD45 are shown in Figs. 4B and 

35 5A. 

Cells of the monocytic lineage were found only 
in the "BLAST" light scattering window and there- 
fore could be distinguished from cells belonging to 
other lineages. There were no CD14 cells in the 

40 "LYMPH" window, while a small percentage of 
cells in the "GRAN" window were CD14* (Fig. 5A). 

The expression of CD11b antigens on the mo- 
nocyte lineage could also be identified within the 
"BLAST" light scattering window. The convex 

45 shape of the bivariate plot (Fig. 4B. "BLAST") 
suggests that the expression of CD11b precedes 
the change in intensity of CD45 on the maturing 
monocytes (population 4). The highly correlated 
expression of CD14 and CD45 indicates that the 

so change in intensity of CD45 during monocytic mat- 
uration coincides with the expression of CD1 4. Oth- 
er studies have shown that CD11b precedes CD14 
expression during monocyte development. The 
cells expressing CD11b found in the "LYMPH" 

55 window, Figure 4B, were shown above to be NK 
cells (population 3c). 

Development of myeloid cells was assessed by 
staining bone marrow cells with several monoclonal 
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antibodies including CD15. CD11b, CD16 in com- 
bination with CD45. C015 is intensely xpr ssed 
on granulocyt s (population 5a & b) and dimly 
expressed on monocytes (population 4) (Fig. 2). All 
maturing granulocytes with the "GRAN" window 
(population Sb) were intensely positive for CD15 
and were intermediately positive for CD45. Within 
the "BLAST" gate, the more immature myeloid 
cells (myelocytes, promyelocytes) were brightly 
positive for CD15 and could be distinguished from 
the monocytes which were less positive for CD 15 
but had higher levels of CD45 (population 4) (Fig. 
2). 

CD11b is expressed later during myeloid de- 
velopment than CD15. Only a portion of the 
"GRAN" cells (population 5b) expressed CD11b 
but all expressed CD15. Even fewer cells within the 
"GRAN" window reacted with CD16 (Fig. 4A). The 
cells within the "BLAST" window which reacted 
with CDUb (population 4) (Fig. 4B) were predomi- 
nantly monocytes since they expressed slightly 
higher levels of CD45. 

All cells capable of forming hematopoietic colo- 
nies express the human progenitor cell antigen, 
CD34. The correlated expression of CD34 and 
CD45 on progenitor cells is shown in Fig. 5B. The 
CD34* cells (population 6) were dimly positive for 
C045. From previous studies it has been shown 
that approximately half of the CD34 positive cells 
are B lymphoid cells (population 2). These CD34* 
immature B lymphoid cells were found in the 
"LYMPH" window and expressed CD19 and CD10. 
These cells were the same ones which were iden- 
tified and discussed above, with the C019 and 
CD10 B lineage markers shown in Fig. 3D. How- 
ever, the remainder of CD34* cells including 
myeloid and erythroid progenitors (population 6) 
which form colonies in in vitro assays were present 
in "BLAST" window (RgT 5B) also expressing a low 
level of CD45. 

In summary, the erythroid cells within the 
"LYMPH" light scattering window were easily dis- 
tinguished from other cells within this window by 
their expression of GPA. The GPA* erythroid cells, 
ranging from intermediate normoblast to the re- 
ticulocyte stage (population 1a), expressed little or 
no CD45. In contrast, the mature lymphocytes with- 
in this light scattering window, including CD3 T 
cells (population 3a), CD16* and CD11b NK cells 
(population 3c) and CD20* mature B cells 
(population 3b) all expressed large amounts of the 
CD45 antigen. 

The only other cells in this light scattering 
window were immature B lymphocytes (population 
2), which expressed lesser amounts of CD45 than 
their mature descendants. 

All of the cells within the "LYMPH" light scat- 
tering gate can be accounted for using th se mon- 



oclonal antibodies. This window includes mature T 
(population 3a), B (population 3b) and NK 
(population 3c) lymphocytes as well as maturing 
erythroid (population 1a) and B lymphoid 

s (population 2) cells which can be distinguished 
based on th amounts of CD45 expressed on their 
cell surfaces. No cells of the myeloid lineages 
appear within this light scattering window. 

Three populations of cells within the "BLAST" 

10 light scattering window were distinguished based 
on the intensity of CD45 and CD15 antigen expres- 
sion. The cells with the lowest CD45 antigen ex- 
pression (CD45±) were erythroid (population 1 b), as 
identified by their expression of GPA. (Fig. 2B) The 

;s cells in this window which expressed the highest 
amount of CD45 were monocytic (population 4). as 
evidenced by the co-expression of the monocyt'c- 
specific CD14 antigen. These brighter CD45* cells 
also expressed high levels of CD11b and inter- 

20 mediate amounts of CD15 antigens. The cells in 
the "BLAST" window which expressed intermediate 
amounts of CD45 were further subdivided by their 
expression of other cell surface antigens. CD15 
divided these intermediate CD45 cells into two 

25 populations. The bright CD15* cells were commit- 
ted to the neutrophil lineage (population 5a), includ- 
ing promyelocytes and myelocytes. The remaining 
CD15 - , CD45* cells include the CD34* cells since 
CD15 and CD34 do not overlap in marrow. Thus, 

30 the progenitor cells (population 6), as identified in a 
positive manner by CD34 , were also be detected 
by the combination of CD45 and CD1 5. 

All of the cells within the "GRAN" window were 
characterized as having granules in their cytoplasm 

35 and having low levels of CD45. CD15 labeled all of 
these cells, while CDUb or CD16 identified many 
fewer cells. CD14 identified minor populations of 
these "GRAN" window ceils. These cells consti- 
tuted different maturational stages of the neutrophil 

40 lineage (population 5b) with corresponding differ- 
ences in myeloid antigen expression. 

The in vitro assayed progenitor cells 
(population 6) and presumably the pluripotent stem 
cells are found in the "BLAST" light scattering 

45 window. These cells express low levels of CD45 on 
their surfaces. As cells are committed to the eryth- 
roid lineage, their CD45 expression decreases as 
they begin expressing erythroid antigens such as 
GPA. CD45 expression decreases progressively 

so with further maturation of these cells accompanied 
by a decrease in forward light scattering. 

As progenitor cells (population 6) become com- 
mitted to the B lineage (population 2) they maintain 
CD34 expression and begin expressing CD10 and 

55 CD19. This is accompanied by a deer ase in their 
forward light scattering cell size while they maintain 
a low level of expression of CD45. As the B lineage 
cells continue to matur , they lose CD34 and in- 
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cr ase expression of CD45. The final stag s of B 
lymphoid maturation (population 3b) ar character- 
ized by a further increase in CD45 expression, 
acquisition of CD20, and loss of CD10. 

Once cells become committed to the monocyte 
lineage (4), they begin to express CD1 1 b, followed 
by an increase in CD45 levels accompanied by the 
acquisition of CD14. The maturing monocytes also 
express CD15 but in lower amounts than 
granulocytes. 

The commitment of progenitor cells (population 
6) to the granulocytic maturation (population 5b) 
does not cause a change in CD15 expression. 
Although several other antigens become expressed 
on this lineage during the maturation process, the 
level of CD45 expression remains low and con- 
stant. 

These and other embodiments of the invention 
may suggest themselves to those skilled in the art. 
Accordingly, this disclosure should not be taken in 
a limiting sense. 



fluorochrome labelled monoclonal antibody that will 
react with substantially all leukocytes and a second 
fluorochrome labelled monoclonal antibody that will 
react with a subpopulation of leukocytes to form a 
s mixture and analyzing the mixture by flow cytome- 
try to identify cell size, granularity and fluorescence 
characteristcs of the cells in the sample. 

8. A method according to Claim 7 wherein the 
first fluorochrome labelled monoclonal antibody is 

to Anti-HLe-l(FITC). 

9. A method according to Claim 7 or 8 wherein 
the second fluorochrome labelled monoclonal anti- 
body is selected from the group consisting of Anti- 
Leu-Mi (PE), Anti-Leu-11(PE) and Anti-Leu-15(PE). 

zs 10. A method according to Claim 9 wherein the 
second fluorochrome labelled monoclonal antibody 
is Anti-Leu-M1 . 



20 



Claims 

25 

1 . A method for the detection and identification 
of different lineages and stages of cell develop- 
ment in a sample of hematopoietic cells comprising 
the steps of isolating the sample from the blood or 
bone marrow of an individual, reacting the sample 30 
with a first monoclonal antibody and a second 
monoclonal antibody, wherein said first and second 
monoclonal antibodies are directly or indirectly 
conjugated with different fluorochromes having dis- 
tinct emission spectra, to form a mixture and ana- 35 
lyzing the mixture by flow cytometry to identify cell 
size, granularity and fluorescence characteristics of 

the cells in the sample. 

2. A method according to Claim 1 wherein the 

first monoclonal antibody is selected so as to label ■» 
essentially all leukocytes. 

3. A method according to Claim 2 wherein the 
first monoclonal antibody is antj-CD45. 

4. A method according to any preceding Claim, 
wherein the second monoclonal antibody is se- 45 
lected so as to label a subpopulation of leukocytes. 

5. A method according to Claim 4 wherein the 
second monoclonal antibody is selected from the 
group consisting of anti-CD15. anti-CD16, anti- 
CD10, anti-CD34, anti-CD20. anti-CD19, anti-CD14, so 
anti-CD3 and anti-CD11b. 

6. A method according to Claim 5 wherein the 
second monoclonal antibody is anti-CD15. 

7. A method for the detection and identification 

of different lineages and stages of cell develop- 55 
ment in a h matopoietic cell sample of bone mar- 
row comprising the steps of isolating the sample 
from an individual, reacting the sample with a first 
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Description 

Field of the Invention 

The present invention relates to the detection 
and analysis of hematopoietic cells in a sample, 
and more particularly relates to a method for the 
detection and analysis of immature and mature 
cells of different lineages in a bone marrow sample 
using labeled monoclonal antibodies and the light 
scattering properties of the cells. 

Background of the Invention 

Bone marrow is a complex tissue. Principally, 
marrow is the site for the differentiation and matu- 
ration of hematopoietic cells. From pluripotent stem 
cells, a number of cell lineages differentiate. The 
primary components among these lineages include: 
the lymphoid (B, T and NK cells), the erythroid (red 
blood cells) and the myeloid line (basophils, 
neutrophils, eosinophils, megakaryocytes and 
macrophages). At any given time, each of these 
lineages typically is present in a marrow sample. 

Once differentiated, each of the various lin- 
eages mature through several stages. Maturation 
occurs in the marrow and elsewhere. For example, 
in the erythroid line, the red blood cell begins in 
marrow as a blast cell having a defined morphol- 
ogy. From that stage to the reticulocyte stage, a 
number of additional morphological changes occur 
throughout a number of stages culminating with the 
extrusion of the nucleus to form the reticulocyte. 
The reticulocyte then is released to the blood 
where it undergoes its final maturational change to 
become an erythrocyte. Other lineages undergo 
similar development, although the number of 
stages of development and the location may differ 
(e.g. immature T cells begin to develop in marrow 
but the primary location for maturation and differen- 
tiation is in the thymus). By examining a sample of 
bone marrow, therefore, one can identify not only 
the various lineages within the sample but also the 
several stages within each lineage. 

It is important to be able to identify the lin- 
eages and/or developmental stages in a sample. 
The results may provide an indication of a clinical 
condition. For example, in a patient with anemia, in 
order to treat the cause of the condition one must 
know whether it is the result of a destruction of red 
cells in the blood or the result of a failure of the 
blast cells to mature. By examining the marrow, the 
presence (or absence) of stem cells, blasts and 
reticulocytes in normal amounts can rule out (or 
confirm) a diagnosis. Thus, by distinguishing a 
change from the "normal" condition, abnormal 
events can be diagnosed. 

To identify the various lineages and devel- 



opmental stages, one must examine a sample in 
great detail. It is known that each lineag and each 
stage within a lineage has certain defined mor- 
phological characteristics. Thus, the current prac- 

5 tice is to take a sample of marrow by either aspira- 
tion or biopsy, stain it and examine it under a light 
microscope. Such a procedure is subjective, time- 
intensive, semi-quantitative and may require mul- 
tiple stainings in order to obtain gross results. 

to. In addition to gross morphological changes that 
occur with maturation and differentiation, other de- 
tailed changes occur in gene expression. A number 
of studies have described the appearance (or dis- 
appearance) during maturation of a variety of such 

75 cell surface antigens in a single lineage (e.g., nor- 
mal erythrocytes) and for a single antigen ex- 
pressed on several lineages during their matura- 
tional process. See, e.g., Loken et al., Flow 
Cytometric Analysis of Human Bone Marrow: I. 

20 Normal Erythroid Development, Blood, 69:255-263 
(1987), and see Civin et al., Antigenic Analysis of 
Hematopoiesis. VI. Flow Cytometric Characteriza- 
tion of MY-10-positive Progenitor Cells in Normal 
Human Bone Marrow, Exp. Hematol., 15:10-17 

25 (1987) respectively. Because of the cellular het- 
erogeneity of cells within marrow, the use of mark- 
ers to detect cell surface antigens is not fully 
sufficient to distinguish between lineages. 

The use of labelled monoclonal antibodies to 

30 monitor activated and non-activated natural killer 
cell subpopulations is known from US 4 599 034. 

The use of labelled monoclonal antibodies to 
distinguish multiple subpopulations of cells is 
known from EP-A-21 9 309. 

35 Thus, at present, there is no known means to 
identify and distinguish between lineages and 
stages of development in single procedure. Such a 
method would provide a unique and rapid tech- 
nique for the diagnosis of abnormal hematopoietic 

40 conditions. 

Brief Description of the Invention 



The present invention is directed to a method 
45 for the identification and analysis of lineages and 
maturation stages in normal hematopoietic cells as 
claimed. In accordance with one embodiment of 
the invention, a sample of bone marrow is taken 
from an individual. The sample is treated to provide 
50 a second sample comprising essentially only leu- 
kocytes. A first monoclonal antibody is labeled with 
a first fluorochrome. The first monoclonal antibody 
is selected so that it reacts with substantially all 
leukocytes. A second monoclonal antibody is label- 
55 ed with a second fluorochrome. The second mon- 
oclonal antibody is selected so that it reacts with a 
subpopulation of leukocytes (e.g., monocytes and 
granulocytes). The first fluorochrome and second 
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fluorochrome are selected so that each has a simi- 
lar excitation energy level but have distinct emis- 
sion spectra. 

A mixture of the second sample, first fluoroch- 
rome labeled monoclonal antibody and second 
fluorochrome labeled monoclonal antibody then is 
prepared so as to cause the leukocytes in the 
second mixture to become labeled with the first 
monoclonal antibody and the subpopulation of leu- 
kocytes to become labeled with the second mon- 
oclonal antibody. The mixture then is analyzed by 
flow cytometry so as to distinguish lineages by cell 
size and granularity, and at the same time, the 
distribution of the binding of the first and second 
antibodies on the cells is recorded. The combina- 
tion of all four parameters provides data sufficient 
to distinguish between each lineage and stages 
within each lineage. The data may be stored in a 
data collection means, such as a computer. 

Description of the Drawings 

Fig. 1 is a contour plot of forward light scatter 
versus side (or "right angle") light scatter for a 
sample of normal human bone marrow analyzed 
by flow cytometry; 

Fig. '2 is a contour plot of cells in normal human 
bone marrow labeled with Anti-Leu-MI(PE) and 
Anti-HLe-l(FITC) as analyzed by flow cytometry 
with gates set to exclude all cells but those that 
appear in the "LYMPH", "BLAST" or "GRAN" 
window of Fig. 1 ; and 

Figs. 3-5 are contour plots of cells in normal 
human bone marrow labeled with various mon- 
oclonal antibodies coupled to PE and labeled 
with Anti-HLe-1 (FITC) as analyzed by flow 
cytometry with gates set to exclude all cells but 
those that appear in the "LYMPH", "BLAST" or 
"GRAN" window of Fig. 1. 

Detailed Description of the Invention 



Bone marrow aspirates were obtained from 
normal adults. Although bone marrow was the 
source of hematopoietic cells in the following ex- 
amples, it should be apparent to those skilled in 
the art that hematopoietic cells also may be iso- 
lated from the blood. It is not necessary to alter the 
method of invention to identify cells from this 
source. 

Low density leucocytes (obtained by density 
gradient centrifugation using 1.077 g/cm 3 , Ficoll- 
Hypaque, Pharmacia, Piscataway, NJ) were 
washed in RPMI 1640 (GIBCO) containing 10% 
fetal bovin serum and aliquoted for im- 
munofluorescent staining. Low-density leukocytes 
were used to form the first sample. It should be 
apparent to those skilled in the art, however, that 



whole blood or marrow aspirates may be us d. In 
such causes, ammonium chloride, for xample, 
may be used to prepare the first sampl . 

Low density marrow leukocytes wer suspend- 
5 ed at a concentration of 10 7 per ml. In those 
experiments where both antibodies were directly 
conjugated to the fluorochrome, the first antibody 
was added to 10 E cells using an amount of anti- 
body which gave maximal fluorescence. The cells 

70 were incubated on ice for 20 minutes. The cells 
were then pelleted and washed with RPMI 1640 
buffer (at least 5 times the staining volume) before 
adding the second antibody. After 20 minutes on 
ice, the cells were again washed with buffer, then 

75 fixed in 1% paraformaldehyde. 

In experiments where only one directly 
fluorochrome conjugated antibody was available, a 
four step procedure was used. The cells were first 
reacted with unconjugated antibody. Following the 

20 wash step, the cells were reacted with rat anti- 
mouse Kappa (PE), incubated on ice, and washed. 
The cells were then exposed to 10% normal 
mouse serum to block free binding sites of the 
second-step antibody. The cells were then stained 

25 with the second (directly conjugated) monoclonal 
antibody, washed and fixed as before. 

For three-color analysis, cells were reacted first 
with unconjugated antibody followed by rat anti- 
mouse Kappa-APC second step antibody. Cells 

30 were washed, reacted with 10% normal mouse 
serum, followed by PE-conjugated and FITC-con- 
jugated antibodies for 20 minutes, washed and 
fixed as before. 

Fluorescein isothiocyanate (FITC) conjugated 

35 and/or phycoerythrin (PE) conjugated directly or 
indirectly CD3(Leu-4), CD10(CALLA), CD11b(Leu- 
15), CD14(Leu-M3), CD15 (Leu-m1), CD16(Leu-11), 
CD19(Leu-12), CD20(Leu-16), CD45R(Leu-18), 
mouse IgGi, mouse lgG2, rat-anti-mouse Kappa, 

w rat-anti-mouse Kappa-allophycocyanin (APC), and 
purified CD34(HPCA-1) were obtained from Becton 
Dickinson Immunocytometry Systems, Mountain 
View, Ca. Anti-glycophorin (10F7) was a kind gift 
from Dr. R. Langlois, Livermore, CA. 

45 Unstained cells, IgGt-FITC, lgG2-PE, and rat 
anti-mouse Kappa-APC labeled cells were included 
as controls. 

Initially, bone marrow aspirates, prepared as 
above, were analyzed by flow cytometry. Presently 

so known and available, flow cytometers are useful for 
measuring cell volume, forward light scatter and/or 
side light scatter. These parameters can then be 
used to separate lineages based upon their optical 
or physical characteristics. 

55 Briefly, forward light scatter (FLS) provides a 
measurement of cell size. (Cell volume similarly 
measures cell size and an instrument so equipped 
may be used alternatively.) Side light scatter (SLS), 
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on the other hand, approximates the "granularity" 
of the cell. SLS measures light reflected from the 
cell and is a function of the presence (or absence) 
of structures in the cell such as the nucleus and/or 
granules. Taken together, FLS and SLS can be 
used to aid in distinguishing between cells of dif- 
ferent types. 

In addition to FLS and SLS, flow cytometers 
include one or more, usually two, fluorescent chan- 
nels. These channels are used to distinguish cells 
marked with fluorochromes which can be excited to 
emit light at different wave lengths. Separate anti- 
bodies labeled with distinct fluorochromes may be 
used to distinguish between cell types based on 
their expression of different cell surface antigens. 
By combining all four parameters together (i.e., 
FLS, SLS, FL1 and FL2), the lineages and their 
stages can be distinguished in four dimensional 
space. 

Flow cytometric analyses were performed us- 
ing a FACStar™ for two color immunofluorescence 
and FACS 440™ for three color im- 
munofluorescence (Becton Dickinson Im- 
munocytometry Systems, Mountain View, CA). The 
argon ion laser was operated at 488nm using 200 
mW of power. FITC emission was collected with a 
530/30 BP filter, while PE emission was collected 
through a 585/42 BP filter. Three-color im- 
munofluorescence was performed using a HeNe 
laser of 633 nm, 40 mW, along with an argon laser 
as described above. APC emission was collected 
with a 660/20 BP filter. 50,000 events was collected 
in list mode on a Consort 30 Data Management 
System (Becton Dickinson). This permitted 
reanalysis of the data to demonstrate the correla- 
tion between the different colors of im- 
munofluorescence for populations of cells identified 
by forward and right-angle light scattering. For all 
contour plots, the lowest level was 3 events with 
contours drawn at 4, 6, 8, 10, 16, 32, 64, 128. 

For a more detailed description of the use and 
meaning of these parameters, see Loken, Cell Sur- 
face Antigen and Morphological Characterization of 
Leucocyte Populations by Flow Cytometry, in Mon- 
oclonal Antibodies, Churchill Livingstone (P. Bever- 
ley ed.), 1986. 

Referring to Fig. 1, it will be seen that three 
distinct populations of cells appear to be distin- 
guished by the physical parameters of forward and 
right angle light scattering. These windows have 
been labeled "LYMPH", "BLAST" and "GRAN". 
The remaining material generally comprises debris 
(i.e., ruptured cells and cell or other fragments). 

Although Fig. 1 (and indeed all the remaining 
figures) is shown in 2-dimensional space, it should 
be apparent that this is done solely for the purpose 
of presenting the description of the invention in 
viewable form. It is not the intent to limit the 



invention to 2-D space; in fact, in the preferr d 
embodiment, the m asurements (i. ., FLS. SLS, 
FL1 and FL2) are taken in 4-D space - 

In order to identify the various lineages that 

5 comprise normal bone marrow, a first monoclonal 
antibody was selected that would identify substan- 
tially all leukocytes in the sample. CD45 is an 
antigen found on substantially all leukocytes. (The 
"CD" or cluster designation was defined by the 

10 International Workshops on Human Differentiation 
Antigens. The parallel "Leu" system was defined 
by researchers at Stanford University.) By selecting 
a monoclonal antibody for this antigen, leukocytes 
can be labeled. Anti-HLe-1 is one such monoclonal 

15 antibody. Another such antibody is LCA (Coulter 
Electronics, Inc.). Anti-HLe-1 is sold commercially 
both purified and bound to (FITC). If a pure anti- 
CD45 antibody is used, it may be conjugated to a 
fluorochrome (e.g., FITC or PE) by means known 

20 to those skilled in the art. 

A second monoclonal antibody was selected to 
identify a subpopulation of leukocyte lineages. In 
the preferred embodiment, the second monoclonal 
antibody identifies two lineages of leukocytes: 

25 namely monocytes and granulocytes. These lin- 
eages are identified by the CD15 antigen. By se- 
lecting a monoclonal antibody for this antigen, 
these two lineages can be identified. Anti-Leu-M1 
is one such anti-CD15 antibody, and another is 

30 Myl. 

While the preferred second monoclonal anti- 
body is anti-CD15 and more specifically Anti-Leu- 
Mi, it should be apparent to those skilled in the art 
from the Figures and following examples that other 

35 monoclonal antibodies may be used so long as 
they distinguish between the various lineages and 
maturational stages. For example, anti-CD11b, anti- 
CD16 and anti-CD19 (i.e., Anti-Leu-15, Anti-Leu-11 
and Anti-Leu-12) all function to discriminate lin- 

40 eages and stages. Accordingly, these and other 
monoclonal antibodies referred to in the examples 
may be used in place of anti-CD45 (or Anti-Leu- 
Mi). 

Anti-Leu-M1 is commercially available in puri- 
45 tied form but may be reacted with a second step 
(PE) conjugated antibody by means known to those 
skilled in the art in order to be paired with Anti- 
HLe-1 (FITC). PE is chosen because it has a 
wavelength of excitation substantially similar to that 
so of FITC but emits in a different spectrum. Once 
selected, the fluorochrome labeled first and second 
monoclonal antibodies can be combined with the 
sample as previously described. Anti-HLe-1 (FITC) 
and Anti-Leu-MI(PE) are the preferred first and 
55 second monoclonal antibodies respectively. 

Once the physical parameters of the cells in 
the sample are known as measured by FLS and 
SLS, gates may be established for each population 
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in order to continue to view the invention in 2-D 
space. The gate will effectively exclude information 
from analysis for all cells outside the gate. When 
the gates are set for "LYMPH", "BLAST" and 
"GRAN" sequentially using Anti-HLe-l(FITC) and 
Anti-Leu-MI(PE), each lineage of cells is discern- 
ible as are the several stages of each lineage. 

Referring to Fig. 2, the "LYMPH" window of 
bone marrow cells contains a mixture of lymphoid 
cells (population 2 pre-B cells, population 3 mature 
lymphoid cells) and mature erythrocytes 
(population 1a), along with nucleated erythroid pre- 
cursor cells (population 1a). The "BLAST" window 
contains immature and mature monocytes 
(population 4), and immature cells of various blood 
cell lineages (population 1 b early erythroid, 5a ear- 
ly neutrophils and population 6 blast cells). The 
"GRAN" window consists entirely of maturing 
granulocytes (population 5b). These results may be 
confirmed by light microscopic examination of the 
cells in accordance with standard staining proce- 
dures as described in Loken et al., supra. 

To further confirm that the lineages identified in 
Fig. 2 were as described, a series of flow cytome- 
try analyses were done with monoclonal antibodies 
specific for each lineage. 

To detect erythrocytes, human bone marrow 
cells were reacted with anti-glycophorin(PE), an 
antibody that identified erythroid cells, and with 
Anti-HLe-1 (FITC). The correlation between these 
two markers, gated on forward and side light scat- 
tering, is shown in Fig. 3A. In the "LYMPH" win- 
dow, GPA*/CD45~ mature erythroid cells 
(population 1a) were easily distinguished from 
GPA-/CD45* lymphoid cells (population 2,3). 
There were no GPA cells in the "GRAN" window. 

In the "BLAST" window, distinct strongly GPA* 
early erythroid cells (population 1b) were discrimi- 
nated from cells expressing intermediate amount of 
GPA. See Fig. 3A. CD45 expression progressively 
decreased as cells became committed to the eryth- 
roid lineage, with increased expression of GPA. 

To detect T lymphocytes, normal bone marrow 
cells were reacted with Anti-Leu-4(PE), a CD3 pan 
T lymphocyte monoclonal antibody, and Anti-HLe- 
1(FITC). See Fig. 3B. All CD3* T lymphoid cells 
population 3a) were found in "LYMPH" light scat- 
tering window, with intense co-expression of CD45. 

To detect B lymphocytes, bone marrow cells 
were reacted with Anti-Leu-12(PE) (CD19) in com- 
bination with Anti-HLe-1 (FITC) to identify all B 
lymphoid cells, including both immature (population 
2) and mature developmental stages (population 
3b). The correlation between these two antigens is 
shown in Fig. 3D. All CD19* B lymphoid cells were 
confined to "LYMPH" window: These B lineage 
cells had three distinct levels of CD45 expression: 
CD19*/CD45*"* (population 3b), CD19*/CD45*\ 



and CD19*/CD45* (population 2). In order to fur- 
ther discriminate maturational differences among B 
lineage cells, bone marrow cells were stained with 
CD45 in combination with two other monoclonal 

5 antibodies: Anti-CALLA(PE), (CD10) an antibody 
which identifies immature B lymphoid cells (not 
shown) or Anti-Leu-16(PE), (CD20), which identifies 
late B cells. Immature B cells expressing CD10 and 
intermediate levels of CD45 were identified in pop- 

io ulation 2. 

To detect NK cells, bone marrow cells were 
stained with Anti-HLe-1 (FITC) in combination with 
either Anti-Leu-1 1 (PE) (CD16) or Anti-Leu-15(PE) 
(CD11b). These monoclonal antibodies identify NK 

15 cells (population 3c) within the "LYMPH" light scat- 
tering window. The cells identified by these anti- 
bodies within the "LYMPH" light scattering window 
were bright for CD45***. (Figs. 4A and 4B.) The 
cells in the "BLAST" and "GRAN" windows which 

20 were labeled with CD16 and CD11b were mon- 
omyeloid cells, and are discussed below. 

Cells of the monocytic lineage were identified 
by staining bone marrow cells with either CD1 1 b or 
Anti-Leu-M3(PE) (CD14), monoclonal antibodies 

25 that bind to mature and maturing monocytes 
(population 4). The correlated expression of these 
two markers with CD45 are shown in Figs. 4B and 
5A. 

Cells of the monocytic lineage were found only 

30 in the "BLAST" light scattering window and there- 
fore could be distinguished from cells belonging to 
other lineages. There were no CD14 cells in the 
"LYMPH" window, while a small percentage of 
cells in the "GRAN" window were CD14 (Fig. 5A). 

35 The expression of CD11b antigens on the mo- 
nocyte lineage could also be identified within the 
"BLAST" light scattering window. The convex 
shape of the bivariate plot (Fig. 4B, "BLAST") 
suggests that the expression of CD11b precedes 

40 the change in intensity of CD45 on the maturing 
monocytes (population 4). The highly correlated 
expression of CD14 and CD45 indicates that the 
change in intensity of CD45 during monocytic mat- 
uration coincides with the expression of CD14. Oth- 

45 er studies have shown that CD11b precedes CD14 
expression during monocyte development. The 
cells expressing CD11b found in the "LYMPH" 
window, Figure 4B, were shown above to be NK 
cells (population 3c). 

so Development of myeloid cells was assessed by 

staining bone marrow cells with several monoclonal 
antibodies including CD15, CD11b, CD16 in com- 
bination with CD45. CD15 is intensely expressed 
on granulocytes (population 5a & b) and dimly 

55 expressed on monocytes (population 4) (Fig. 2). All 
maturing granulocytes with the "GRAN" window 
(population 5b) were intensely positive for CD15 
and were intermediately positive for CD45. Within 
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the "BLAST" gate, the more immature myeloid 
cells (myelocytes, promyelocytes) were brightly 
positive for CD15 and could be distinguished from 
the monocytes which were less positive for CD 15 
but had higher levels of CD45 (population 4) (Fig. 
2). 

CD11b is expressed later during myeloid de- 
velopment than CD15. Only a portion of the 
"GRAN" cells (population 5b) expressed CD11b 
but all expressed CD15. Even fewer cells within the 
"GRAN" window reacted with CD16 (Fig. 4A). The 
cells within the "BLAST" window which reacted 
with CD11b (population 4) (Fig. 4B) were predomi- 
nantly monocytes since they expressed slightly 
higher levels of CD45. 

All cells capable of forming hematopoietic colo- 
nies express the human progenitor cell antigen, 
CD34. The correlated expression of CD34 and 
CD45 on progenitor cells is shown in Fig. 5B. The 
CD34 cells (population 6) were dimly positive for 
CD45. From previous studies it has been shown 
that approximately half of the CD34 positive cells 
are B lymphoid cells (population 2). These CD34* 
immature B lymphoid cells were found in the 
"LYMPH" window and expressed CD19 and CD10. 
These cells were the same ones which were iden- 
tified and discussed above, with the CD19 and 
CD10 B lineage markers shown in Fig. 3D. How- 
ever, the remainder of CD34 cells including 
myeloid and erythroid progenitors (population 6) 
which form colonies in in vitro assays were present 
in "BLAST" window (Fig. 5B) also expressing a low 
level of CD45. 

In summary, the erythroid cells within the 
"LYMPH" light scattering window were easily dis- 
tinguished from other cells within this window by 
their expression of GPA. The GPA erythroid cells, 
ranging from intermediate normoblast to the re- 
ticulocyte stage (population 1a), expressed little or 
no CD45. In contrast, the mature lymphocytes with- 
in this light scattering window, including CD3* T 
cells (population 3a), CD16* and CD11b NK cells 
(population 3c) and CD20* mature B cells 
(population 3b) all expressed large amounts of the 
CD45 antigen. 

The only other cells in this light scattering 
window were immature B lymphocytes (population 
2), which expressed lesser amounts of CD45 than 
their mature descendants. 

All of the cells within the "LYMPH" light scat- 
tering gate can be accounted for using these mon- 
oclonal antibodies. This window includes mature T 
(population 3a), B (population 3b) and NK 
(population 3c) lymphocytes as well as maturing 
erythroid (population 1a) and B lymphoid 
(population 2) cells which can be distinguished 
based on the amounts of CD45 expressed on their 
cell surfaces. No cells of the myeloid lineages 



appear within this light scattering window. 

Three populations of cells within the "BLAST" 
light scattering window were distinguished based 
on the intensity of CD45 and CD15 antigen expres- 
5 sion. The cells with the lowest CD45 antigen ex- 
pression (CD45±) were erythroid (population 1b), as 
identified by their expression of GPA. (Fig. 2B) The 
cells in this window which expressed the highest 
amount of CD45 were monocytic (population 4), as 

10 evidenced by the co-expression of the monocytic- 
specific CD14 antigen. These brighter CD45 cells 
also expressed high levels of CD11b and inter- 
mediate amounts of CD15 antigens. The cells in 
the "BLAST" window which expressed intermediate 

15 amounts of CD45 were further subdivided by their 
expression of other cell surface antigens. CD15 
divided these intermediate CD45 cells into two 
populations. The bright CD15 cells were commit- 
ted to the neutrophil lineage (population 5a), includ- 

20 ing promyelocytes and myelocytes. The remaining 
GD15~, CD45* cells include the CD34* cells since 
CD15 and CD34 do not overlap in marrow. Thus, 
the progenitor cells (population 6), as identified in a 
positive manner by CD34 , were also be detected 

25 by the combination of CD45 and CD15. 

All of the cells within the "GRAN" window were 
characterized as having granules in their cytoplasm 
and having low levels of CD45. CD15 labeled all of 
these cells, while CD11b or CD16 identified many 

30 fewer cells. CD14 identified minor populations of 
these "GRAN" window cells. These cells consti- 
tuted different maturational stages of the neutrophil 
lineage (population 5b) with corresponding differ- 
ences in myeloid antigen expression. 

35 The in vitro assayed progenitor cells 
(population 6) and presumably the pluripotent stem 
cells are found in the "BLAST" light scattering 
window. These cells express low levels of CD45 on 
their surfaces. As cells are committed to the eryth- 

40 roid lineage, their CD45 expression decreases as 
they begin expressing erythroid antigens such as 
GPA. CD45 expression decreases progressively 
with further maturation of these cells accompanied 
by a decrease in forward light scattering. 

45 As progenitor cells (population 6) become com- 
mitted to the B lineage (population 2) they maintain 
CD34 expression and begin expressing CD10 and 
CD19. This is accompanied by a decrease in their 
forward light scattering cell size while they maintain 

so a low level of expression of CD45. As the B lineage 
ceils continue to mature, they lose CD34 and in- 
crease expression of CD45. The final stages of B 
lymphoid maturation (population 3b) are character- 
ized by a further increase in CD45 expression, 

55 acquisition of CD20, and loss of CD10. 

Once cells become committed to the monocyte 
lineage (4), they begin to express CD11b, followed 
by an increase in CD45 levels accompanied by the 
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acquisition of CD14. The maturing monocytes also 
express CD15 but in lower amounts than 
granulocytes. 

The commitment of progenitor cells (population 
6) to the granulocytic maturation (population 5b) 
does not cause a change in CD15 expression. 
Although several other antigens become expressed 
on this lineage during the maturation process, the 
level of CD45 expression remains low and con- 
stant. 

Claims 



2. A method according to Claim 2 wherein the 
first monoclonal antibody is anti-CD45. 



4. A method according to Claim 3 wherein the 
second monoclonal antibody is anti-CD15. 

5. A method according to Claim 1, wherein the 
sample is a sample of bone marrow. 

6. A method according to Claim 5 wherein the 
first fluorochrome labelled monoclonal antibody 
is Anti-HLe-1 (FITC). 

7. A method according to Claim 5 or 6 wherein 
the second fluorochrome labelled monoclonal 
antibody is selected from the group consisting 
of Anti-Leu-MI(PE), Anti-Leu-11(PE) and Anti- 



Leu-15(PE). 

8. A method according to Claim 7 wher in the 
second fluorochrome labelled monoclonal anti- 
5 body is Anti-Leu-M1. 

Patentansprtiche 

1. Verfahren fur den Nachweis von unterschiedli- 
10 chen Stammen und Reifungszustanden von 

hamatopoietischen Zellen in einer Probe aus 
dem Blut oder Knochenmark eines Individu- 
ums, wobei das Verfahren die Stufen der Re- 
aktion der Probe mit einem ersten monoklona- 
len Antikorper und einem zweiten monoklona- 
len Antikorper unter Bildung einer Mischung, 
worin dieser erste monoklonale Antikorper so 
ausgewahlt ist, da/3 er mit praktisch alien Leu- 
kocyten reagiert, und der zweite monoklonale 
Antikorper so ausgewahlt ist, dafl er mit einer 
Subpopulation von Leukocyten reagiert, und 
worin diese ersten und zweiten monoklonalen 
Antikorper direkt Oder indirekt mit unterschied- 
lichen Fluorochromen mit verschiedenen Emis- 
sionsspektren konjugiert sind, und die Analyse 
der Mischung durch Stromungs-Cytometrie zur 
Identifizierung der Zellgrofle, GranularitSt und 
Fluoreszenz der Zellen in der Probe umfaCt, 
wobei Zellgrofle, Granularitat und Fluoreszenz- 
intensitat zur Unterscheidung zwischen Stam- 
men und zwischen Reifungszustanden in je- 
dem der Stamme benutzt werden. 

2. Verfahren nach Anspruch 1, worin der erste 
35 monoklonale Antikorper anti-CD45 ist. 

3. Verfahren nach Anspruch 1 oder 2, worin der 
zweite monoklonale Antikorper aus der aus 
anti-CD15, anti-CD16, anti-CD10, anti-CD34, 
anti-CD20, anti-CD19, anti-CD14, anti-CD3, und 
anti-CD11b bestehenden Gruppe ausgewahlt 
wird. 

4. Verfahren nach Anspruh 3, worin der zweite 
45 monoklonale Antikorper anti-CD15 ist. 

5. Verfahren nach Anspruch 1, worin die Probe 
eine Knochenmarkprobe ist. 

so 6. Verfahren nach Anspruch 5, worin der erste 
mit Fluorochrom markierte monoklonale Anti- 
korper Anti-HLe-1 (FITC) ist. 

7. Verfahren nach Anspruch 5 oder 6, worin der 
55 zweite mit Fluorochrom markierte monoklonale 

Antikorper aus der aus Anti-Leu-MI(PE), Anti- 
Leu-11(PE) und Anti-Leu-15(PE) bestehenden 
Gruppe ausgewahlt wird. 



1. A method for the detection of different lineages 
and maturational stages of hematopoietic cells js 
in a sample from the blood or bone marrow of 
an individual, the method comprising the steps 
of reacting the sample with a first monoclonal 
antibody and a second monoclonal antibody to 
form a mixture, wherein said first monoclonal 20 
antibody is selected so as to react with sub- 
stantially all leukocytes and the second mon- 
oclonal antibody is selected so as to react with 
a subpopulation of leukocytes and wherein 
said first and second monoclonal antibodies 25 
are conjugated directly or indirectly with dif- 
ferent fluorochromes having distinct emission 
spectra, and analysing the mixture by flow 
cytometry to identify cell size, granularity and 
fluorescence of the cells in the sample, 30 
wherein cell size, granularity and relative flu- 
orescence intensity are used to distinguish be- 
tween lineages and between maturational 
stages in each of the lineages. 



3. A method according to Claim 1 or 2, wherein 

the second monoclonal antibody is selected 40 
from the group consisting of anti-CD15, anti- 
CD16, anti-CD10, anti-CD34, anti-CD20, anti- 
CD19, anti-CD14, anti-CD3 and anti-CD11b. 
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8. Verfahren nach Anspruch 7, worin der zweite 
mit Fluorochrom markierte monoklonale Anti- 
korper Anti-Leu-M1 ist. 

Revendications 

1. Une methode pour detecter differentes lignees 
et stades de maturation de cellules h£mato- 
po'&tiques dans un echantillon de sang ou de 
moelle osseuse d'un individu, la methode com- 
prenant les etapes de mise en reaction de 
I'echantillon avec un premier anticorps mono- 
clonal et un deuxieme anticorps monoclonal 
pour former un melange, dans laquelle ledit 
premier anticorps monoclonal est seiectionne 
de sorte a r6agir avec pratiquement tous les 
leucocytes et le deuxieme anticorps monoclo- 
nal est selectionne de sorte a reagir avec un 
sous-groupe de leucocytes, et dans laquelle 
lesdits premier et deuxieme anticorps mono- 
clonaux sont conjugues directement ou indirec- 
tement avec differents fluorochromes ayant 
des spectres demission distincts, ainsi que 
d'analyse du melange par cytometric de flux 
pour identifier la taille de la cellule, la granula- 
rite et la fluorescence des cellules dans 
I'echantillon, la taille de la cellule, la granularity 
et I'intensite relative de fluorescence etant utili- 
ses pour faire la distinction entre les lignees et 
entre les stades de maturation dans chacune 
des lignees. 

2. Une methode selon la revendication 2, dans 
laquelle le premier anticorps monoclonal est 
l'anti-CD45. 

3. Une methode selon les revendications 1 ou 2, 
dans laquelle le deuxieme anticorps monoclo- 
nal est choisi dans le groupe constitue par 
l'anti-CD15, l'anti-CD16, l'anti-CD10, I'anti- 
CD34, l'anti-CD20, l'anti-CD19, I'anti-CDH, 
l'anti-CD3 et l'anti-CD11b. 

4. Une methode selon la revendication 3, dans 
laquelle le deuxieme anticorps monoclonal est 
ranti-CD15. 

5. Une methode selon la revendication 1, dans 
laquelle I'echantillon est un Echantillon de 
moelle osseuse. 

6. Une methode selon la revendication 5, dans 
laquelle le premier anticorps monoclonal mar- 
que au fluorochrome est l'Anti-Hle-l(FITC). 

7. Une methode selon les revendications 5 ou 6, 
dans laquelle le deuxieme anticorps monoclo- 
nal marqu6 au fluorochrome est choisi dans le 



groupe constitue par l'Anti-Leu-M1 (PE), I'Anti- 
Leu-11 (PE) et l'Anti-Leu-15 (PE). 

8. Une methode selon la revendication 7, dans 
s laquelle le deuxieme anticorps monoclonal 

marque au fluorochrome est l'Anti-Leu-M1. 
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Description 

Field of the Invention 

The present invention relates to the detection and 
analysis of hematopoietic cells in a sample, and more 
particularly relates to a method for the detection and 
analysis of immature and mature cells of different line- 
ages in a bone marrow sample using labeled mono- 
clonal antibodies and the light scattering properties of 
the cells. 

Background of the Invention 

Bone marrow is a complex tissue. Principally, mar- 
row is the site for the differentiation and maturation of 
hematopoietic cells. From pluripotent stem cells, a 
number of cell lineages differentiate. The primary com- 
ponents among these lineages include: the lymphoid (B, 
T and NK cells), the erythroid (red blood cells) and the 
myeloid line (basophils, neutrophils, eosinophils, meg- 
akaryocytes and macrophages). At any given lime, each 
of these lineages typically is present in a marrow sam- 
ple. 

Once differentiated, each of the various lineages 
mature through several stages. Maturation occurs in the 
marrow and elsewhere. For example, in the erythroid 
line, the red blood cell begins in marrow as a blast cell 
having a defined morphology. From that stage to the re- 
ticulocyte stage, a number of additional morphological 
changes occur throughout a number of stages culminat- 
ing with the extrusion of the nucleus to form the reticu- 
locyte. The reticulocyte then is released to the blood 
where it undergoes its final maturational change to be- 
come an erythrocyte. Other lineages undergo similar 
development, although the number of stages of devel- 
opment and the location may differ (e.g. immature T 
cells begin to develop in marrow but the primary location 
for maturation and differentiation is in the thymus). By 
examining a sample of bone marrow, therefore, one can 
identify not only the various lineages within the sample 
but also the several stages within each lineage. 

It is important to be able to identify the lineages and/ 
or developmental stages in a sample. The results may 
provide an indication of a clinical condition. For exam- 
ple, in a patient with anemia, in order to treat the cause 
of the condition one must know whether it is the result 
of a destruction of red cells in the blood or the result of 
a failure of the blast cells to mature. By examining the 
marrow, the presence (or absence) of stem cells, blasts 
and reticulocytes in normal amounts can rule out (or 
confirm) a diagnosis. Thus, by distinguishing a change 
from the "normal" condition, abnormal events can be di- 
agnosed. 

To identify the various lineages and developmental 
stages, one must examine a sample in great detail. It is 
known that each lineage and each stage within a lineage 
has certain defined morphological characteristics. Thus, 



the current practice is to take a sample of marrow by 
either aspiration or biopsy, stain it and examine it under 
a light microscope. Such a procedure is subjective, time- 
intensive, semi-quantitative and may require multiple 
5 stainings in order to obtain gross results. 

In addition to gross morphological changes that oc- 
cur with maturation and differentiation, other detailed 
changes occur in gene expression. A number of studies 
have described the appearance (or disappearance) dur- 
10 ing maturation of a variety of such cell surface antigens 
in a single lineage (e.g. , normal erythrocytes) and for a 
single antigen expressed on several lineages during 
their maturational process. See , e.g. , Loken etal. , Flow 
Cytometric Analysis of Human Bone Marrow: I. Normal 
is Erythroid Development, Blood, 69:255-263 (1 987), and 
see Civin et al .. Antigenic Analysis of Hematopoiesis. 
VI. Flow Cytometric Characterization of MY-1 0-positive 
Progenitor Cells in Normal Human Bone Marrow, Exp. 
Hematol., 15:10-17 (1987) respectively. Because of the 
cellular heterogeneity of cells within marrow, the use of 
markers to detect cell surface antigens is not fully suffi- 
cient to distinguish between lineages. 

The use of labelled monoclonal antibodies to mon- 
itor activated and non-activated natural killer cell sub- 
populations is known from US 4 599 034. 

The use of labelled monoclonal antibodies to distin- 
guish multiple subpopulations of cells is, known from 
EP-A-219 309, and see also EP-A 193,356. 

By way of illustration, the application of such tech- 
niques to the phenotyping of recovering lymphoid cell 
populations after marrow transplantation is described in 
J. Exp. Med., volume 161, June 1985 at pages 1483 to 
1502. FLE-HLE antibody, which labels all blood leuko- 
cytes, and PE-Leu-M3, which labels monocytes, were 
used to set a flow cytometer gate based on the forward 
and right-angle light scatter parameters, to include all of 
the brightly coloured HLE-labelled lymphocytes, and to 
exclude as much as possible the unlabelled erythro- 
cytes and the Leu-M3-labelled monocytes. Samples 
from a patient were then analyzed using twenty-four 
pairs of labelled monoclonal antibodies. 

Thus, at present, there is no known means to iden- 
tify and distinguish between lineages and stages of de- 
velopment in single procedure. Such a method would 
provide a unique and rapid technique for the diagnosis 
of abnormal hematopoietic conditions. 

Brief Description of the Invention 

The present invention is directed to a method for 
the identification and analysis of lineages and matura- 
tion stages in normal hematopoietic cells as claimed. In 
accordance with one embodiment of the invention, a 
sample of bone marrow is taken from an individual. The 
sample is treated to provide a second sample compris- 
ing essentially only leukocytes. A first monoclonal anti- 
body is labeled with a first fluorochrome. The first mon- 
oclonal antibody is selected so that it reacts with sub- 
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stantially all leukocytes. A second monoclonal antibody 
is labeled with a second fluorochrome. The second 
monoclonal antibody is selected so that it reacts with a 
subpopulation of leukocytes (e.g. , monocytes and gran- 
ulocytes). The first fluorochrome and second fluoro- 
chrome are selected so that each has a similar excita- 
tion energy level but have distinct emission spectra. 

A mixture of the second sample, first fluorochrome 
labeled monoclonal antibody and second fluorochrome 
labeled monoclonal antibody then is prepared so as to 
cause the leukocytes in the second mixture to become 
labeled with the first monoclonal antibody and the sub- 
population of leukocytes to become labeled with the 
second monoclonal antibody. The mixture then is ana- 
lyzed by flow cytometry so as to distinguish lineages by 
cell size and granularity, and at the same time, the dis- 
tribution of the binding of the first and second antibodies 
on the cells is recorded. The combination of all four pa- 
rameters provides data sufficient to distinguish between 
each lineage and stages within each lineage. The data 
may be stored in a data collection means, such as a 
computer. 

Description of the Drawings 

Fig. 1 is a contour plot of forward light scatter versus 
side (or "right angle") light scatter for a sample of 
normal human bone marrow analyzed by flow cy- 
tometry; 

Fig. 2 is a contour plot of cells in normal human bone 
marrow labeled with Anti-Leu-M1 (PE) and Anti- 
HLe-1 (FITC) as analyzed by flow cytometry with 
gates set to exclude all cells but those that appear 
in the "LYMPH", "BLAST" or "GRAN" window of Fig. 
1 ; and 

Figs. 3-5 are contour plots of cells in normal human 
bone marrow labeled with various monoclonal anti- 
bodies coupled to PE and labeled with Anti-HLe-1 
(FITC) as analyzed by flow cytometry with gates set 
to exclude all cells but those that appear in the 
"LYMPH", "BLAST" or "GRAN" window of Fig. 1 . 

Detailed Description of the Invention 

Bone marrow aspirates were obtained from normal 
adults. Although bone marrow was the source of hemat- 
opoietic cells in the following examples, it should be ap- 
parent to those skilled in the art that hematopoietic cells 
also may be isolated from the blood. It is not necessary 
to alter the method of invention to identify cells from this 
source. 

Low density leucocytes (obtained by density gradi- 
ent centrifugation using 1.077 g/cm 3 , Ficoll-Hypaque, 
Pharmacia, Piscataway, NJ) were washed in RPM1 1640 
(GIBCO) containing 10% fetal bovine serum and aliq- 
uoted for immunofluorescent staining. Low-density leu- 
kocytes were used to form the first sample. It should be 
apparent to those skilled in the art, however, that whole 



blood or marrow aspirates may be used. In such causes, 
ammonium chloride, for example, may be used to pre- 
pare the first sample. 

Low density marrow leukocytes were suspended at 
s a concentration of 10 7 per ml. In those experiments 
where both antibodies were directly conjugated to the 
fluorochrome, the first antibody was added to 10 6 cells 
using an amount of antibody which gave maximal fluo- 
rescence. The cells were incubated on ice for 20 min- 

10 utes. The cells were then pelleted and washed with RP- 
Ml 1 640 buffer (at least 5 times the staining volume) be- 
fore adding the second antibody. After 20 minutes on 
ice, the cells were again washed with buffer, then fixed 
in 1% paraformaldehyde. 

»5 In experiments where only one directly fluoro- 
chrome conjugated antibody was available, a four step 
procedure was used. The cells were first reacted with 
unconjugated antibody. Following the wash step, the 
cells were reacted with rat anti-mouse Kappa (PE), in- 

20 cubated on ice, and washed. The cells were then ex- 
posed to 1 0% normal mouse serum to block free binding 
sites of the second-step antibody. The cells were then 
stained with the second (directly conjugated) mono- 
clonal antibody, washed and fixed as before. 

25 For three-color analysis, cells were reacted first with 
unconjugated antibody followed by rat anti-mouse Kap- 
pa-APC second step antibody. Cells were washed, re- 
acted with 10% normal mouse serum, followed by PE- 
conjugated and FITC-conjugated antibodies for 20 min- 

30 utes, washed and fixed as before. 

Fluorescein isothiocyanate (FITC) conjugated and/ 
or phycoerythrin (PE) conjugated directly or indirectly 
CD3(Leu-4), CD10(CALLA), CD11b(Leu-15), CD14 
(Leu-M3), CD15 (Leu-m1), CD16(Leu-11), CD19(Leu- 

35 12), CD20(Leu-16), CD45R(Leu-18), mouse lgG v 
mouse lgG 2 , rat-anti-mouse Kappa, rat-anti-mouse Ka- 
ppa-allophycocyanin (APC), and purified CD34(HPCA- 
1 ) were obtained from Becton Dickinson Immunocytom- 
etry Systems, Mountain View, Ca. Anti-glycophorin 

40 (10F7) was a kind gift from Dr. R. Langlois, Livermore, 
CA. 

Unstained cells, IgG^FITC, lgG 2 -PE, and rat anti- 
mouse Kappa-APC labeled cells were included as con- 
trols. 

45 Initially, bone marrow aspirates, prepared as above, 
were analyzed by flow cytometry. Presently known and 
available, flow cytometers are useful for measuring cell 
volume, forward light scatter and/or side light scatter. 
These parameters can then be used to separate lineag- 

50 es based upon their optical or physical characteristics. 
Briefly, forward light scatter (FLS) provides a meas- 
urement of cell size. (Cell volume similarly measures 
cell size and an instrument so equipped may be used 
alternatively.) Side light scatter (SLS), on the other 

55 hand, approximates the "granularity" of the cell. SLS 
measures light reflected from the cell and is a function 
of the presence (or absence) of structures in the cell 
such as the nucleus and/or granules. Taken together, 
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FLS and SLS can be used to aid in distinguishing be- 
tween cells of different types. 

In addition to FLS and SLS, flow cytometers include 
one or more, usually two, fluorescent channels. These 
channels are used to distinguish cells marked with fluor- s 
ochromes which can be excited to emit light at different 
wave lengths. Separate antibodies labeled with distinct 
fluorochromes may be used to distinguish between cell 
types based on their expression of different cell surface 
antigens. By combining all four parameters together (i. '0 
e^, FLS, SLS, FL1 and FL2), the lineages and their stag- 
es can be distinguished in four dimensional space. 

Flow cytometric analyses were performed using a 
FACStar™ for two color immunofluorescence and 
FACS 440™ for three color immunofluorescence (Bee- is 
ton Dickinson Immunccytometry Systems. Mountain 
View, CA). The argon ion laser was operated at 488nm 
using 200 mW of power. FITC emission was collected 
with a 530/30 BP filter, while PE emission was collected 
through a 585/42 BP filter. Three-color immunofluores- 20 
cence was performed using a HeNe laser of 633 nm, 40 
mW, along with an argon laser as described above. APC 
emission was collected with a 660/20 BP filter. 50,000 
events was collected in list mode on a Consort 30 Data 
Management System (Becton Dickinson). This permit- 25 
ted reanalysis of the data to demonstrate the correlation 
between the different colors of immunofluorescence for 
populations of cells identified by forward and right-angle 
light scattering. For all contour plots, the lowest level 
was 3 events with contours drawn at 4, 6, 8, 10, 16, 32, 30 
64, 128. 

For a more detailed description of the use and 
meaning of these parameters, see Loken, Cell Surface 
Antigen and Morphological Characterization of Leuco- 
cyte Populations by Flow Cytometry, in Monoclonal An- as 
tibodies, Churchill Livingstone (P. Beverley ed ), 1986. 

Referring to Fig. 1 , it will be seen that three distinct 
populations of cells appear to be distinguished by the 
physical parameters of forward and right angle light 
scattering. These windows have been labeled *o 
"LYMPH", "BLAST" and "GRAN". The remaining mate- 
rial generally comprises debris (i.e. , ruptured cells and 
cell or other fragments). 

Although Fig. 1 (and indeed all the remaining fig- 
ures) is shown in 2-dimensional space, it should be ap- 4S 
parent that this is done solely for the purpose of present- 
ing the description of the invention in viewable form. It 
is not the intent to limit the invention to 2-D space; in 
fact, in the preferred embodiment, the measurements (j. 
e., FLS. SLS, FL1 and FL2) are taken in 4-D space. so 

In order to identify the various lineages that com- 
prise normal bone marrow, a first monoclonal antibody 
was selected that would identify substantially all leuko- 
cytes in the sample. CD45 is an antigen found on sub- 
stantially all leukocytes. (The "CD" or cluster designa- ss 
tion was defined by the International Workshops on Hu- 
man Differentiation Antigens. The parallel "Leu" system 
was defined by researchers at Stanford University.) By 



selecting a monoclonal antibody for this antigen, leuko- 
cytes can be labeled. Anti-HLe-1 is one such mono- 
clonal antibody. Another such antibody is LCA (Coulter 
Electronics, Inc.). Anti-HLe-1 is sold commercially both 
purified and bound to (FITC). If a pure anti-CD45 anti- 
body is used, it may be conjugated to a fluorochrome 
(e.g. , FITC or PE) by means known to those skilled in 
the art. 

A second monoclonal antibody was selected to 
identify a subpopulation of leukocyte lineages. In the 
preferred embodiment, the second monoclonal anti- 
body identifies two lineages of leukocytes: namely 
monocytes and granulocytes. These lineages are iden- 
tified by the CD15 antigen. By selecting a monoclonal 
antibody for this antigen, these two lineages can be 
identified. Anli-Leu-M1 is one such anti-CD1 5 antibody, 
and another is Myl. 

While the preferred second monoclonal antibody is 
anti-CD15 and more specifically Anti-Leu-M1, it should 
be apparent to those skilled in the art from the Figures 
and following examples that other monoclonal antibod- 
ies may be used so long as they distinguish between 
the various lineages and maturational stages. For ex- 
ample, anti-CD 1 1 b, anti-CD 1 6 and anti-CD1 9 (Le. , Anti- 
Leu-15, Anti-Leu-11 and Anti-Leu-1 2) all function to dis- 
criminate lineages and stages. Accordingly, these and 
other monoclonal antibodies referred to in the examples 
may be used in place of anti-CD45 (or Anti-Leu-M1). 

Anti-Leu-M1 is commercially available in purified 
form but may be reacted with a second step (PE) con- 
jugated antibody by means known to those skilled in the 
art in order to be paired with Anti-HLe-1 (FITC). PE is 
chosen because it has a wavelength of excitation sub- 
stantially similar to that of FITC but emits in a different 
spectrum. Once selected, the fluorochrome labeled first 
and second monoclonal antibodies can be combined 
with the sample as previously described. Anti-HLe-1 
(FITC) and Anti-Leu-M1 (PE) are the preferred first and 
second monoclonal antibodies respectively. 

Once the physical parameters of the cells in the 
sample are known as measured by FLS and SLS, gates 
may be established for each population in order to con- 
tinue to view the invention in 2-D space. The gate will 
effectively exclude information from analysis for all cells 
outside the gate. When the gates are set for "LYMPH", 
"BLAST" and "GRAN" sequentially using Anti-HLe-1 
(FITC) and Anti-Leu-M1 (PE), each lineage of cells is 
discernible as are the several stages of each lineage. 

Referring to Fig. 2, the "LYMPH" window of bone 
marrow cells contains a mixture of lymphoid cells (pop- 
ulation 2 pre-B cells, population 3 mature lymphoid 
cells) and mature erythrocytes (population 1a), along 
with nucleated erythroid precursor cells (population 1a). 
The "BLAST" window contains immature and mature 
monocytes (population 4), and immature cells of various 
blood cell lineages (population 1b early erythroid, 5a 
early neutrophils and population 6 blast cells). The 
"GRAN" window consists entirely of maturing granulo- 
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cytes (population 5b). These results may be confirmed 
by light microscopic examination of the cells in accord- 
ance with standard staining procedures as described in 
Loken et al. , supra . 

To further confirm that the lineages identified in Fig. s 
2 were as described, a series of flow cytometry analyses 
were done with monoclonal antibodies specific for each 
lineage. 

To detect erythrocytes, human bone marrow cells 
were reacted with anti-glycophorin(PE), an antibody '0 
that identified erythroid cells, and with Anti-HLe-1 
(FITC). The correlation between these two markers, gat- 
ed on forward and side light scattering, is shown in Fig. 
3A. In the "LYMPH" window, GPA + /CD45- mature eryth- 
roid cells (population 1a) were easily distinguished from 'S 
GPA-/CD45+ lymphoid cells (population 2,3). There 
were no GPA + cells in the "GRAN" window. 

In the "BLAST" window, distinct strongly GPA+ early 
erythroid cells (population 1b) were discriminated from 
cells expressing intermediate amount of GPA. See Fig. 20 
3A. CD45 expression progressively decreased as cells 
became committed to the erythroid lineage, with in- 
creased expression of GPA. 

To detect T lymphocytes, normal bone marrow cells 
were reacted with Anti-Leu-4(PE), a CD3 pan T lym- 25 
phocyte monoclonal antibody, and Anti-HLe-1 (FITC). 
See Fig. 3B. All CD3 + T lymphoid cells population 3a) 
were found in "LYMPH" light scattering window, with in- 
tense co-expression of CD45. 

To detect B lymphocytes, bone marrow cells were 30 
reacted with Anti-Leu-12(PE) (CD19) in combination 
with Anti-HLe-1 (FITC) to identify all B lymphoid cells, 
including both immature (population 2) and mature de- 
velopmental stages (population 3b). The correlation be- 
tween these two antigens is shown in Fig. 3D. All CD1 9 + 3S 
B lymphoid cells were confined to "LYMPH" window. 
These B lineage cells had three distinct levels of CD45 
expression: CD 19VCD45 +++ (population 3b), CD19+/ 
CD45 ++ , and CD19 + /CD45 + (population 2). In order to 
further discriminate maturational differences among B 40 
lineage cells, bone marrow cells were stained with CD45 
in combination with two other monoclonal antibodies: 
Anti-CALLA(PE), (CD10) an antibody which identifies 
immature B lymphoid cells (not shown) or Anti-Leu-16 
(PE), (CD20), which identifies late B cells. Immature B 4S 
cells expressing CD10 and intermediate levels of CD45 
were identified in population 2. 

To detect NK cells, bone marrow cells were stained 
with Anti-HLe-1 (FITC) in combination with either Anti- 
Leu-11(PE)(CD16)orAnti-Leu-15(PE)(CD11b).These so 
monoclonal antibodies identify NK cells (population 3c) 
within the "LYMPH" light scattering window. The cells 
identified by these antibodies within the "LYMPH" light 
scattering window were bright for CD45 +++ . (Figs. 4A 
and 4B.) The cells in the "BLAST" and "GRAN" windows ss 
which were labeled with CD16 and CD11b were mono- 
myeloid cells, and are discussed below. 

Cells of the monocytic lineage were identified by 



staining bone marrow cells with either CD11b or Anti- 
Leu-M3(PE)(CD14), monoclonal antibodies that bind to 
mature and maturing monocytes (population 4). The 
correlated expression of these two markers with CD45 
are shown in Figs. 4B and 5A. 

Cells of the monocytic lineage were found only in 
the "BLAST" light scattering window and therefore could 
be distinguished from cells belonging to other lineages. 
There were no CD14+ cells in the "LYMPH" window, 
while a small percentage of cells in the "GRAN" window 
were CD14+ (Fig. 5A). 

The expression of CD1 1 b antigens on the monocyte 
lineage could also be identified within the "BLAST" light 
scattering window. The convex shape of the bivariate 
plot (Fig. 4B, "BLAST") suggests that the expression of 
CD1 1 b precedes the change in intensity of CD45 on the 
maturing monocytes (population 4). The highly correlat- 
ed expression of CD14 and CD45 indicates that the 
change in intensity of CD45 during monocytic matura- 
tion coincides with the expression of CD1 4. Other stud- 
ies have shown that CD1 1 b precedes CD1 4 expression 
during monocyte development. The cells expressing 
CD1 1b found in the "LYMPH" window, Figure 4B, were 
shown above to be NK cells (population 3c). 

Development of myeloid cells was assessed by 
staining bone marrow cells with several monoclonal an- 
tibodies including CD15, CD11b, CD16 in combination 
with CD45. CD15 is intensely expressed on granulo- 
cytes (population 5a & b) and dimly expressed on mono- 
cytes (population 4) (Fig. 2). All maturing granulocytes 
with the "GRAN" window (population 5b) were intensely 
positive for CD15 and were intermediately positive for 
CD45. Within the "BLAST" gate, the more immature my- 
eloid cells (myelocytes, promyelocytes) were brightly 
positive for CD15 and could be distinguished from the 
monocytes which were less positive for CD 15 but had 
higher levels of CD45 (population 4) (Fig. 2). 

CD11b is expressed later during myeloid develop- 
ment than CD15. Only a portion of the "GRAN" cells 
(population 5b) expressed CD11b but all expressed 
CD15. Even fewer cells within the "GRAN" window re- 
acted with CD1 6 (Fig. 4A). The cells within the "BLAST" 
window which reacted with CD11b (population 4) (Fig. 
4B) were predominantly monocytes since they ex- 
pressed slightly higher levels of CD45. 

All cells capable of forming hematopoietic colonies 
express the human progenitor cell antigen, CD34. The 
correlated expression of CD34 and CD45 on progenitor 
cells is shown in Fig. 5B. The CD34 + cells (population 
6) were dimly positive for CD45. From previous studies 
it has been shown that approximately half of the CD34 
positive cells are B lymphoid cells (population 2). These 
CD34+ immature B lymphoid cells were found in the 
"LYMPH" window and expressed CD19 and CD10. 
These cells were the same ones which were identified 
and discussed above, with the CD19 and CD10 B line- 
age markers shown in Fig. 3D. However, the remainder 
of CD34 + cells including myeloid and erythroid progen- 
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itors (population 6) which form colonies in in vitro assays 
were present in "BLAST" window (Fig. 5B) also express- 
ing a low level of CD45. 

In summary, the erythroid ceils within the "LYMPH" 
light scattering window were easily distinguished from s 
other cells within this window by their expression of 
GPA. The GPA + erythroid cells, ranging from intermedi- 
ate normoblast to the reticulocyte stage (population 1 a), 
expressed little or no CD45. In contrast, the mature lym- 
phocytes within this light scattering window, including io 
CD3+ T cells (population 3a), CD16 + and CD11b NK 
cells (population 3c) and CD20+ mature B cells (popu- 
lation 3b) all expressed large amounts of the CD45 an- 
tigen. 

The only other cells in this light scattering window is 
were immature B lymphocytes (population 2), which ex- 
pressed lesser amounts of CD45 than their mature de- 
scendants. 

All of the cells within the "LYMPH" light scattering 
gate can be accounted for using these monoclonal an- 20 
tibodies. This window includes mature T (population 
3a), B (population 3b) and NK (population 3c) lym- 
phocytes as well as maturing erythroid (population 1a) 
and B lymphoid (population 2) cells which can be distin- 
guished based on the amounts of CD45 expressed on 
their cell surfaces. No cells of the myeloid lineages ap- 
pear within this light scattering window. 

Three populatbns of cells within the "BLAST" light 
scattering window were distinguished based on the in- 
tensity of CD45 and CD1 5 antigen expression. The cells 30 
with the lowest CD45 antigen expression (CD45±) were 
erythroid (population 1b), as identified by their expres- 
sion of GPA. (Fig. 2B) The cells in this window which 
expressed the highest amount of CD45 were monocytic 
(population 4), as evidenced by the co-expression of the 35 
monocytic-specific CD14 antigen. These brighter 
CD45+ cells also expressed high levels of CD11b and 
intermediate amounts of CD1 5 antigens. The cells in the 
"BLAST" window which expressed intermediate 
amounts of CD45 were further subdivided by their ex- 40 
pression of other cell surface antigens. CD15 divided 
these intermediate CD45 + cells into two populations. 
The bright CD15+ cells were committed to the neutrophil 
lineage (population 5a), including promyelocytes and 
myelocytes. The remaining CD15 - , CD45 cells include 45 
the CD34+ cells since CD15 and CD34 do not overlap 
in marrow. Thus, the progenitor cells (population 6), as 
identified in a positive manner by CD34+ were also be 
detected by the combination of CD45 and CD15. 

All of the cells within the "GRAN" window were char- so 
acterized as having granules in their cytoplasm and hav- 
ing low levels of CD45. CD1 5 labeled all of these cells, 
while CD1 1 b or CD1 6 identified many fewer cells. CD1 4 
identified minor populations of these "GRAN" window 
cells. These cells constituted different maturational 5S 
stages of the neutrophil lineage (population 5b) with cor- 
responding differences in myeloid antigen expression. 

The in vitro assayed progenitor cells (population 6) 



and presumably the pluripotent stem cells are found in 
the "BLAST" light scattering window. These cells ex- 
press low levels of CD45 on their surfaces. As cells are 
committed to the erythroid lineage, their CD45 expres- 
sion decreases as they begin expressing erythroid an- 
tigens such as GPA. CD45 expression decreases pro- 
gressively with further maturation of these cells accom- 
panied by a decrease in forward light scattering. 

As progenitor cells (population 6) become commit- 
ted to the B lineage (population 2) they maintain CD34 
expression and begin expressing CD1 0 and CD1 9. This 
is accompanied by a decrease in their forward light scat- 
tering cell size while they maintain a low level of expres- 
sion of CD45. As the B lineage cells continue to mature, 
they lose CD34 and increase expression of CD45. The 
final stages of B lymphoid maturation (population 3b) 
are characterized by a further increase in CD45 expres- 
sion, acquisition of CO20, and loss of CD10. 

Once cells become committed to the monocyte lin- 
eage (4), they begin to express CD11b, followed by an 
increase in CD45 levels accompanied by the acquisition 
of CD14. The maturing monocytes also express CD15 
but in lower amounts than granulocytes. 

The commitment of progenitor cells (population 6) 
to the granulocytic maturation (population 5b) does not 
cause a change in CD15 expression. Although several 
other antigens become expressed on this lineage during 
the maturation process, the level of CD45 expression 
remains low and constant. 



Claims 

1. A method for the detection of different lineages and 
maturational stages of hematopoietic cells in a sam- 
ple from the blood or bone marrow of an individual, 
the method comprising the steps of reacting the 
sample with a first monoclonal antibody and a sec- 
ond monoclonal antibody to form a mixture, wherein 
said first monoclonal antibody is selected so as to 
react with substantially all leukocytes and the sec- 
ond monoclonal antibody is selected so as to react 
with a subpopulation of leukocytes and wherein 
said first and second monoclonal antibodies are 
conjugated directly or indirectly with different fluor- 
ochromes having distinct emission spectra, analys- 
ing the mixture by gated flow cytometry to identify 
cell size, granularity and fluorescence of the cells 
in the sample using forward light scatter and side 
light scatter to establish gates for populations of 
lymphocytes, blast cells and granulocytes and us- 
ing relative fluorescence intensity to distinguish be- 
tween cell types based on their expression of differ- 
ent cell surface antigens, and thereby assigning 
cells in the sample to the lymphoid, erythroid and 
myeloid lineages and maturational stages in each 
of the lineages on the basis of cell size, granularity 
and relative fluorescence intensity. 
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2. A method according to Claim 2 wherein the first 
monoclonal antibody is anti-CD45. 

3. A method according to Claim 1 or 2, wherein the 
second monoclonal antibody is selected from the 
group consisting of anti-CD15, anti-CD16, anti- 
CD10, anti-CD34, anti-CD20, anti-CD19, anti- 
CD 14, anti-CD3 and anti-CD 11b. 

4. A method according to Claim 3 wherein the second 
monoclonal antibody is anti-CD1 5. 

5. A method according to Claim 1 , wherein the sample 
is a sample of bone marrow. 



Patentanspruche 

1. Verfahren zum Nachweis von unterschiedlichen 
Stammen und Reifungszustanden von hamato- 
poietischen Zellen in einer Probe aus dem Blut oder 
Knochenmark eines Individuums, wobei das Ver- 
fahren die Stufen der Reaktion der Probe mit einem 
ersten monoklonalen Antikorper und einem zweiten 
monoklonalen Antikorper unter Bildung einer Mi- 
schung, worin dieser erste monoklonale Antikorper 
so ausgewahlt ist, daf3 er mit praktisch alien Leuko- 
zyten reagiert, und der zweite monoklonale Antikor- 
per so ausgewahlt ist, daft er mit einer Subpopula- 
tion von Leukozyten reagiert, und worin diese er- 
sten und zweiten monoklonalen Antikorper direkt 
oder indirekt mit unterschiedlichen Fluorochromen 
mit verschiedenen Emissionsspektren konjugiert 
sind, die Analyse der Mischung durch Kanal-Stro- 
mungs-Cytometrie zur Identifizierung der Zellgro- 
Be, Granularitat und Fluoreszenz der Zellen in der 
Probe unter Anwendung von Vorwarts-Lichtstreu- 
ung und Seiten-Lichtstreuung zur Aufstellung von 
Kanalen fur Populationen von Lymphocyten, nu- 
cleotierten Zellen und Granulocyten umfaGt, und 
wobei die relative Fluoreszenzintensitat zur Unter- 
scheidung zwischen den Zelltypen, basierend auf 
ihrer Expression von unterschiedlichen Zelloberfla- 
chenantigenen benutzt wird, und hierdurch Zellen 
in der Probe zu den Lymphoid-, Erythroid- und Mye- 
loidstammen und den Reifungszustanden in jedem 
der Stamme auf der Basis von ZellgrofJe, Granula- 
ritat und relativer Fluoreszenzintensitat zugeordnet 
werden. 

2. Verfahren nach Anspruch 1 , worin der erste mono- 
klonale Antikorper anti-CD45 ist. 

3. Verfahren nach Anspruch 1 Oder 2, worin der zweite 
monoklonale Antikorper aus der aus anti-CD1 5, an- 
ti-CD16, anti-CD10, anti-CD34, anti-CD20, anti- 
CD19, anti-CD14, anti-CD3 und anti-CDIIb beste- 
henden Gruppe ausgewahlt wird. 



4. Verfahren nach Anspruch 3, worin der zweite mo- 
noklonale Antikorper anti-CD1 5 ist. 

5. Verfahren nach Anspruch 1 , worin die Probe eine 
£ Knochenmarkprobe ist. 



Revendications 

10 1. Methode pour detecterdifferentes lignees etstades 
de maturation de cellules hematopoTetiques dans 
un echantillon de sang ou de moelle osseuse d'un 
individu, la melhode comprenant les etapes de mi- 
se en reaction de I'echantillon avec un premier an- 

'S ticorps monoclonal et un deuxieme anticorps mo- 
noclonal pour former un melange, dans laquelle le- 
dit premier anticorps monoclonal est selectionn6 de 
sorte a reagir avec pratiquement tous les leucocy- 
tes et le deuxieme anticorps monoclonal est selec- 

20 tionne de sorte a reagir avec un sous-groupe de leu- 
cocytes, etdans laquelle lesdites premier et deuxie- 
me anticorps monoclonaux sont conjugues directe- 
ment ou indirectement avec differents fluorochro- 
mes ayant des spectres d'emission distincts, ainsi 

25 que d'analyse du melange par cytometrie de flux a 
grille pour identifier la taille de la cellule, la granu- 
larity et la fluorescence des cellules dans I'echan- 
tillon, avec utilisation de la diffusion de la lumiere 
vers I'avant et de la diffusion laterale pour etablir 

30 des grilles pour les populations de lypmhocytes, de 
blastocytes et de granulocytes, et avec utilisation 
de I'intensite de la fluorescence relative pour faire 
la distinction entre les types de cellules sur la base 
de leur expression de differents antigenes de sur- 

3S face de la cellule, pour assigner ainsi les cellules 
dans I'echantillon aux lignees lympholdes, erythroi- 
des et myeloides, et determiner les stades de ma- 
turation dans chacune des lignees sur la base de la 
taille de la cellule, de la granularite et de I'intensite 

40 de fluorescence relative. 

2. Une methode selon la revendication 2, dans laquel- 
le le premier anticorps monoclonal est l'anti-CD45. 

4S 3. Une methode selon les revendications 1 ou 2, dans 
laquelle le deuxieme anticorps monoclonal est choi- 
si dans le groupe constitue par l'anti-CD15, I'anti- 
CD16, l'anti-CD10, l'anti-CD34, l'anti-CD20, I'anti- 
CD19, l'anti-CD14, l'anti-CD3 et l'anti-CD11b. 

so 

4. Une methode selon la revendication 3, dans laquel- 
le le deuxieme anticorps monoclonal est I'anti- 
CD15. 

ss 5. Une methode selon la revendication 1 , dans laquel- 
le I'echantillon est un 6chantillon de moelle osseu- 
se. 
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